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Introduction
It is a core interest of labour economics to understand better the relationship between labour supply and public policy. Over time, labour supply has continued to remain of great importance, particularly when it comes to women with children. This is because larger individual labour supplies can lead to higher incomes, independence from welfare programs and an increase in retirement income. As per the international statistics, female employment generally decreases following childbirth, and is particularly low for mothers with pre-school aged children. For instance, within the Organisation for Economic Co-operation and Development (referred to OECD hereafter), only 56 per cent of women were working in 2005, compared with nearly 75 per cent of men (OECD, 2007) . More specifically, the employment rate of women with children aged between 6-16 years was 63.2 per cent, 58.2 per cent for those with children aged 3-5 years and only 51.1 per cent for the mothers of children younger than 2 years of age 1 .
The Scandinavian countries are among those countries with highest maternal employment rates and some studies advocate that one factor driving this finding is the provision of childcare (e.g. Gupta et al., 2008; OECD, 2007) . It is then an important question from a public policy viewpoint whether the increased provision of public childcare increases female employment and hence tax revenue through increased employment. In principle, it is possible that the increase in the provision of formal childcare does not actually induce women to shift from not working to working, but merely encourages working mothers to shift from informal to formal childcare arrangements, in a process referred to as crowding out. Another important question is whether adjustment occurs at the intensive margin, inducing women at the mean to work more hours or to shift from a part-to a full-time job. Both changes would also generate higher tax revenues for governments.
An increasing number of studies have estimated the causal effect of childcare provision on female employment. However, the overall evidence remains quite mixed, and questions remain about whether the expansion of childcare for pre-school-aged children actually leads to an increase in the female labour supply. This is particularly the case for the mothers of children aged 1-2 years. In the present study, we present new evidence on the causal effect of childcare on maternal labour supply using the increased provision of public childcare for the youngest children (those aged 1-2 years) through a nationwide reform in 2002 in Norway. This particular reform increased childcare coverage within a relatively short time from under provision to full 1 The numbers are for the EU countries. demand coverage, that is, 80 per cent of the birth cohort having a childcare place. The target group we focus on are mothers whose youngest child is aged 2 years or younger. We consider outcomes measuring labour supply at both the extensive and intensive margins.
Our analysis contributes to and extends the literature in three ways. First, to address the endogeneity issue when estimating the causal effect of childcare provision on the labour supply, we make use of a childcare reform that creates variation in the expansion of childcare across all municipalities in Norway. Because the actual change in childcare slots may be correlated with labour market conditions that also affect labour supply outcomes, we exploit the pre-reform level of childcare coverage within a municipality as a predetermined variable. We present a reduced-form estimate that exploits, as we show, that the pre-reform level of childcare coverage within a municipality captures the intensity of the response at the municipality level. Second, we present estimates of the responses in the labour supply at both the extensive and intensive margins by using information from the labour force survey on both the actual and contracted hours of work. This is of benefit because it is well known that employment rates of mothers in national and international statistics may be overstated, as women may have a working contract designating hours to be worked, but may not actually work for positive hours given jobprotected parental leave rights. To reflect this, we employ information on the actual hours of work to measure precisely whether mothers shortly after childbirth are on contracts and actually working. During this period, mothers may also be on paid or job-protected parental leave, hence not actually working, or may actually work reduced hours that fall below their contracted hours.
The labour force survey we use is sufficiently large and of very high quality to allow us to focus on the target group of mothers. Third, instead of focusing on mean post-reform effects as in most of the existing literature, we test for heterogeneous effects in both the short and long term, and across sub-groups of mothers who may vary in their responsiveness to reform (postmaternity leave, with more than one child).
Our main result is that mean maternal employment significantly increased for our target group of mothers. However, the evidence on the contracted hours of work is weakly significant.
The adjustment mainly is in the short term (1-3 years) after the reform. The quantity of the employment effect corresponds to a 2-2.5 percentage point increase in employment with the effect in contracted hours amounting to slightly more than 1 hour per week when childcare coverage increases by 10 percentage points 2 . We find no significant effects on working long 2 The calculated effects are based on an average increase of childcare coverage by 10 percentage points. The extensive margin effect is a raw measure of the increase in the employment rate. The pre-reform average employment rate for all mothers with at least one child below the age of 3 years is 72 per cent. In relative terms, hours and actual hours of work. Nonetheless, we also identify substantial heterogeneity across sub-groups of mothers in the affected outcomes and the timing of the effects. When we include only mothers after the expiry of job-protected maternity leave-usually taken during the first year post-childbirth-in our estimation sample, the estimated reduced form effect on employment increases. In addition, the effect on actual hours substantially increases quantitatively and becomes significant. For mothers with more than one child, we also find significant short and long-term adjustments in employment and long-term effects on the actual and contracted hours of work.
The remainder of the paper is structured as follows. Section 2 reviews the literature on public childcare and maternal employment. Section 3 describes the institutional background of the designated childcare reform. Section 4 outlines the empirical strategy and Section 5 describes the data and presents some descriptive statistics. Section 6 presents the empirical results along with several robustness tests. Section 7 provides some concluding remarks.
Public childcare and maternal employment
According to a standard static labour-leisure choice model, we expect that the expansion of public affordable childcare leads to positive labour supply responses at the extensive margin because of the reduction of opportunity cost. This effect may be more pronounced with the expansion of childcare for children aged 1-2 years in comparison with older age groups. This is because care intensity is highest among these children. In addition, if we consider the dynamic labour supply effects through detachment from work post-childbirth, then expected employment responses may be even larger for mothers of younger than for those with older children. At the intensive margin (conditional on working), the predicted effect may be very heterogeneous. The effect may also be nonlinear in the hours of work.
Of the existing empirical studies concerning the effects of the provision of public childcare on the female labour supply, most focus on the effects of childcare provision for preschool children aged 3-6 years, with few studies examining the effects of childcare provision for children aged 1-2 years. For its part, the overall evidence on the effect of childcare for 3-6-year-olds on the maternal labour supply is surprisingly mixed, and the results are often difficult to interpret. This is because earlier studies often depended on restrictive assumptions the increase in employment rate is then 3 per cent. At the intensive margin, the 1 hour per week increase includes increases from zero hours. The corresponding marginal effect at the intensive margin conditional on positive hours is then approximately 0.7 hours per week.
to identify the direct effect of childcare provision (e.g. Ribar, 1992 , Kimmel, 1998 . This is important because if these restrictive assumptions do not hold, the estimated effect is contaminated by other factors that potentially affect both childcare provision and the female labour supply simultaneously.
It has been especially challenging to find convincing exogenous variation that affects childcare provision, but not the female labour supply. More recently, some studies have exploited the variation in the number of childcare places for children aged 3-6 years as a proxy for treatment intensity, across regions and time, as exogenous variation. This strategy is similar to the approach taken in Card's (1992) seminal work in which regional and time variation of the introduction of minimum wages was used to estimate the effect on youth wages.
Specifically, these studies exploit a number of public childcare expansionary reforms targeting the 3-6-year-old age group among pre-school children in various time periods since the 1960s.
These studies are informative not only about the female labour supply, mostly at the extensive margin, but also about now widely debated policies with the goal of universal childcare, with quite high quality and at affordable prices. Past studies cover Canada, the United States, Germany and Norway, with most showing a positive effect on maternal employment, including Baker, Gruber and Mulligan (2008) and Lefebvre and Merrigan (2008) for Canada, Bauernschuster, Hener, Rainer (2016) for Germany and Cascio (2009) for the United States.
The exception is a Norwegian study exploiting a universal childcare reform in 1975 by Havnes and Mogstad (2011) 3 , which revealed that the magnitude of the maternal employment effect varied.
It is interesting to note that the settings in past studies differ according to the specific characteristics before and after the respective reforms, which may explain the differences in the significance and size of the responses. Early reforms used in these studies took place during times of relatively low childcare coverage and low maternal employment, at least during the pre-reform periods (Havnes and Mogstad, 2011) . By contrast, subsequent reforms were typically conducted in an environment where it was already more common for women to have children in public childcare and work. As a result, reforms initiated at lower levels (in both childcare coverage and maternal employment) tend to show relatively large employment effects, whereas reforms at relatively higher levels tend to reveal smaller employment effects.
An important aspect is also whether the crowding out of informal care through formal public care is reducing the employment effect.
3 Fitzpatrick (2010) provides additional evidence of the small maternal labour supply effect in the United States using universal pre-kindergarten programs in the 1990s.
Responses may also be relatively low in regimes where the work-family balance is low, such as in most countries during the 1980s or earlier. Employment effects also tend to be lower with lower rates of childcare coverage after the reform. Interestingly, reforms tend to be more effective in terms of the maternal labour supply if it is the youngest child of the mother that is affected by the reform (see also the detailed discussion in Bauernschuster and Schlotter, 2015) .
An additional aspect that may diminish any employment effects is that these reforms affect mothers from the third year after the birth of their youngest child. Hence, detachment effects from work or the depreciation of human capital may reduce the observed employment effects.
Another aspect varying across reforms is how many hours of childcare are provided each day. If these cover only a small proportion of a full-time job, then the estimated labour supply effects are expected to be smaller. From the parental leave literature, we know that longer parental leave decreases both wages and the probability of a return to work (Ruhm, 1998; Lalive and Zweimüller, 2009; Ejrnaes and Kunze, 2013) . However, studies in this stream of the literature do not typically consider the costs of childcare for pre-school children or the provision of universal childcare. This is important because childcare costs are typically substantial during the phase immediately following childbirth. It is then of particular interest to examine the maternal labour supply effects for that group of mothers where the youngest child is aged 1-2 years, as these mothers are potentially employed and transitioning from work to job-protected and paid parental leave before returning to work.
The literature examining the effects of childcare provision for children aged 1-2 years is quite limited. Among past studies, only studies by Baker et al. (2008) and Lefebvre et al. (2008 Lefebvre et al. ( , 2012 in Canada have exploited regional variation in a nationwide reform targeting the youngest children (though much broader age groups than in our analysis ) 4 . See Table A1 in the appendix for details of selected studies on maternal labour supply responses to childcare expansionary reforms. These Canadian studies exploit regional variation in the growth rate of expansion using a differences-in-differences framework and identify positive maternal employment effects in response to a reform in Quebec.
A French study by Goux and Maurin (2010) has also found positive maternal employment effects for single mothers in response to the availability of a formal classroombased learning environment for 2-and 3-year-olds. For identification, they make use of the highly discontinuous relationships between a child's exact date of birth and pre-elementary school eligibility. They also use data for children born between 1995-1997, when most children 4 Another study is by Simonsen (2010) that exploits regional variation in the childcare price in Denmark for identification. entered childcare at age 3 years, and only about a third entered early at age 2 years. Goux and Maurin (2010) found no significant effect on mothers in two-parent households, with the suggested interpretation being that two-parent households have greater access to informal care because of wider networks; therefore any crowding out may reduce the estimated employment effects. Bettendorf et al. (2015) considered the introduction of a childcare law affecting children aged less than 4 years in 2005 in the Netherlands, also using a differences-in-differences framework, and identified a significant and positive effect on maternal employment. Similarly, Nollenberger et al. (2015) exploited an expansionary reform of subsidized public childcare in Spain and estimated the employment effects for mothers of 3-year-olds. Compared with the Netherlands and France at the time of the study (1987 to 1997), female employment rates in Spain are extremely low: 29 per cent compared with 70 per cent and more. Using differencesin-differences estimates, Nollenberger et al. (2015) estimated a significant positive effect on maternal employment that appeared larger than that for comparable studies in the Netherlands.
Lastly, Bauernschuster and Schlotter (2015) used the introduction of a legal claim to kindergarten in Germany during the 1990s to study the effects of public affordable childcare provision on maternal employment and hours of work. They find quite a large positive and significant effect on employment 5 .
It is interesting to consider the effects at the intensive margin alongside the evidence on the effects at the extensive margin. This is particularly the case for countries where regulations regarding working hours allow workers to choose part-time work and where firms offer parttime workplaces. As the international statistics show, considerable variation in the incidence of part-time work exists across countries. Generally, women, particularly mothers with pre-school children, are by far the main group working part-time. As an example, 60 per cent of women work part-time in the Netherlands, a particularly high incidence of part-time work internationally. Bettendorf et al. (2015) drew on this to reveal the effect at the intensive margin for mothers of new-borns to 3-year-olds through the reduction of the parental fee for childcare of 1.4 hours per week. Bauernschuster and Schlotter (2015) also identified the positive and quite substantial effect of 2.5 hours of work per week. In summary, the previous evidence reveals positive effects for maternal employment at both the extensive and intensive margins for mothers of children aged younger than 3 years 6 . 5 Noteworthy, in this study, childcare is only provided within short and restricted hours, normally between 08:00 and 12:00. 6 Herbst (2017) also finds positive employment effects for childcare reform during WWII for the United States.
Given the vast interest in public debate on the introduction and expansion of taxfinanced universal childcare for younger children, there is a great demand for more research on countries introducing universal and affordable high-quality childcare to derive evidence-based policy advice. Outcomes related to actual hours of work in addition to contracted hours and possible transitions of women working short part-time to longer hours are particularly under researched in this literature. In our analyses, we emphasize female labour market responses to the reform at both the extensive and intensive margins. We use information on the actual hours of work to allow us to measure exactly whether mothers shortly after childbirth have a work contract but are on (paid or job-protected) parental leave and hence not actually working.
Mothers may also use this right to reduce the hours of work and are therefore actually working fewer than their contracted hours. Additionally, we emphasize the short-and long-term effects of childcare reform, as well as the heterogeneity across sub-groups of mothers.
Institutional background
In Norway, female employment rates were relatively high during the 2000s, which is our period of observation. As shown in Figure 1 Norwegian policy has long placed a strong emphasis on family-work balance through a menu of family-friendly policies. Starting in the 1970s, the main policies to achieve these goals have been the introduction and expansion of public childcare and parental leave complemented by a cash-for-care policy. In this section, we describe the institutional background of the 2002 childcare reform we exploit in our analysis of the maternal labour supply effects. We also present further background on other child-and labour market-related policies that have not changed during the period we study, which is a key assumption to our estimation strategy. . In 1997, the coverage rate for these children was approximately 40 per cent, and there were many parents who applied for but did not receive places in public childcare 9 . Hence, there was a surplus demand for public childcare.
We exploit the 2002 reform that was part of a large programme creating approximately 48,000 childcare places for 1-2-year-olds within a 6-year period. In Norway, a birth cohort is about 55,000 children. The main goal was to guarantee the availability of affordable childcare to all parents. Full coverage was defined by the government as a childcare coverage rate of 80 per cent, that is, 80 per cent of a birth cohort will have a place in a kindergarten within each municipality. To create a measure of childcare coverage in public subsidized kindergartens for each municipality and year, we use the municipality registers that report accurately the number of children with a childcare place and the number of children born. The number of children in childcare is the number of children actually enrolled at a public kindergarten either full or part time. Since 1998, the municipality register includes all kindergartens owned by the municipality, the county or the central government. Children with a childcare place in private kindergartens that receive subsidies are also included in the counts. The age of the child is measured at the end of the year. The childcare coverage rate is then the ratio of the number of children in public subsidized kindergartens for each age cohort, year and municipality, and the number of childbirths in the corresponding cell. This has been documented in several reports, e.g. Kunnskapsdepartementet (2008) . coverage for 3-6-year-olds was already high (but less than 80 per cent), new places were also built for this older group in this process in some municipalities. This reform overview highlights several features that make it particularly suitable for studying the effects of an increase in the number of childcare slots for 1-2-year-olds on the maternal labour supply at both the extensive and intensive margins. First, it is a large-scale reform providing universal public childcare that affects mothers soon after childbirth. Second, the childcare is full time, enabling mothers to combine family and work, including jobs with longer working hours (longer part-time or full time). Therefore, we may expect labour supply effects at both the extensive margin (new labour market entries) and the intensive margin (transitions from shorter to longer working hours or full-time work). In our analysis, we focus on the quantity of childcare slots. Our empirical analysis thus estimates the total effect of the reform, and we cannot account for changes in quality. The price effect is part of the total effect and partly captured by time effects.
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In the empirical analysis, we use yearly not monthly data on childcare slots and the age of the child.
Possible employment effects in the childcare sector through expansionary reform
The kindergarten sector is dominated by female workers. The expansion of this sector, hence the demand, could generate positive incremental employment effects at the aggregate level by shifting work traditionally conducted unpaid by mothers at home or in the informal sector to the paid public sector. However, we expect them to be small for our target group of mothers. In Table 1 , we present for selected years the number of employees in kindergartens, the percentage increase over 5-year intervals and the percentage of employed women in the kindergarten sector relative to total female employment in the Norwegian economy. Two trends are noteworthy. This gives us an idea of the relative size of the reform, but also that care for 1-2-yearold children is more labour intensive. Aggregate employment numbers for women also increased in the economy overall during this period. The last column of Table 1 
Empirical strategy
It is challenging to estimate the effect of childcare on the female labour supply. The main reason is the simultaneity problem in the maternal employment regression. Does childcare expand first 12 During the same period, the employment of men in the kindergarten sector also increased quite substantially, which may be the result of the positive anti-discrimination policy in the recruitment policy introduced in 1998, titled The Positive Discrimination Act for Men (Forskrift om saerbehandling av menn) in Kindergarten and Other Educational Sectors Where Women Form a Majority. and then lead to an increased maternal labour supply, or does maternal labour supply increase first for some other reason and then as a response, childcare provision is improved?
In order to estimate the direct effect of childcare on maternal labour supply, we exploit the expansionary reform in 2002 of public childcare for the group of 1-2-year-old children. Our main estimation approach is a reduced-form estimation approach where we exploit the regional variation in childcare provision in 2001, the year before the expansionary reform, as a predetermined variable 13 . In order to provide a convincing empirical base for our identification, we show that the pre-reform regional variation in childcare provision is positively correlated with the differential increase in childcare expansion (see The main regression we estimate is specified as follows:
where i indexes individuals and t time periods, and y represents the labour supply outcome variable. We present estimates at the extensive margin on employment and working for long hours (i.e. longer than 18.5 hours), and we also provide intensive margin results on both actual and contracted working hours per week. Our empirical strategy draws on Løken, Lundberg and Riise (2016) to identify the causal policy effects.
municipality fixed effects ensures that we control for municipality characteristics that may be correlated both with the level of childcare provision before the reform and the outcome variable.
, captures idiosyncratic shocks to labor supply. We present robust standard errors clustered at the municipality level. This is to account for shocks that are common to all mothers to be correlated between mothers living in the same municipality.
Depending on the nature of the labour market outcome variables, we use several different regression models. We first estimate a linear probability model with the binary outcome variables of employment status and working long hours. We also estimate Tobit models for actual and contracted hours, as these variables contain zero values 14 . We test our specification for whether the reform generated heterogeneous effects over time depending on the phase-in schedule of the policy adjustment. It is an empirical question whether the short-or long-term effect is stronger. A hypothesis is that the strongest labour supply responses arise after 2005 when the reform fully unfolds and childcare coverage rates are above 50 per cent.
The main coefficients of interest are 3 and 4 in eq. (1). These are the coefficients of the continuous variable measuring the pre-reform childcare coverage rate of the municipality the mother is living in and the indicator variable for the post-reform period. Note that the precoverage variable is defined between zero and one. We interpret the coefficients as the intention-to-treat (ITT) effects, or the reduced-form parameters, of the reform on the outcome y in the short term, 2002-2004, and the long term, 2005-2008 . This interpretation is similar to previous work, such as Baker et al. (2008) on the overall average effect. We choose a reducedform specification that is linear in the pre-reform childcare coverage rate, Precoverage.
Our approach also controls for individual characteristics that capture important control variables in labour supply regressions. We control for time effects for common time-varying changes. In addition, we control for municipality fixed effects. As these capture demand factors likely correlated with the pre-reform childcare coverage rate in a municipality in 2001 as well as maternal employment outcomes, our results are not biased because of these factors. All municipalities could in principle apply for public funding and expand childcare. In the data, there is evidence that municipalities with low pre-reform coverage levels are those growing more strongly than those with relatively large pre-reform childcare coverage levels. The correlation is graphically presented in Figure 4 .1, which clearly reveals a negative relationship.
We can also see in the data that the expansion of childcare places for the youngest group of children, the 1-2-year-olds, was an independent expansion to the childcare places for 3-6-yearolds, and there is no significant correlation between them, as shown in One possible concern is that we may be confounding the estimated childcare effects with other reforms or changes during the period we consider. Of these, two policies were in place in Norway that could potentially affect the labour supply and the take up of childcare, both introduced or reformed in the 1990s: parental leave and cash for care provision. For our particular period of analysis, we identify no other significant reforms or breaks in trends that could be of concern for our estimations.
The duration of paid parental leave is likely to affect the return to work decision and therefore the demand for childcare. However, during our period of analysis, all women were eligible for approximately 1 year of paid leave and there were no additional reforms. Since 1993, all working parents in Norway have been entitled to 52 weeks leave with 80 per cent wage compensation (alternatively, 42 weeks with full compensation). To increase the involvement of fathers, an amendment in 1993 reserved 4 weeks of the leave for fathers. Since 2005, the father's quota, i.e. leave duration, has gradually been extended to 10 weeks. The latest figures show that on average, fathers take 10 weeks of paid leave, typically at the end of leave, and mothers, 46 weeks (Samfunnspeilet 2012/1). Following parental leave, the most common pattern is that both parents return to work. Fathers remain in full-time work typically and do not adjust labour supply. In Norway, full-time work is 37.5 hours.
Another family-friendly policy was introduced in 1998, being the "cash for care" program. Parents of children who do not make use of a full-time childcare place that is publicly subsidized receive approximately 260 Euros per month for children aged 1-2 years 15 . Starting from 1 January 1999, cash-for-care benefits were extended to children aged 2-3 years, which was later reduced 16 . Hence, there were no other changes during our analysis period for this policy that could confound our estimates.
Data
Our data are extracted from the Norwegian Labour Force Survey (LFS) By excluding all on maternity leave, we can test whether the remaining group that is no longer on job-protected maternity leave is more responsive in terms of labour supply adjustment.
Furthermore, we analyse the sample of mothers with more than one child to see if the reform differentially affects mothers facing different time constraints and parity. In addition, a focus on mothers with mostly two children may capture that group of mothers who will likely not have more children and therefore make an upward adjustment in the labour supply more probable.
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Additionally, we select a sub-sample of mothers with more than one child who are not on maternity leave, equivalent to a period of working zero hours but having positive contracted hours.
23
. 18 We assume that fertility is completed before the age of 50 years for most women. This is confirmed in the data, where no women older than age 50 years reported having a child younger than the age of 2 years. We also used a different age group 25-49 to see if our results are sensitive to age group selections. We do not find that the results change much due to different age groups. There are very few mothers who were below age of 25 in our sample.
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We exclude the self-employed.
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For example, these are mothers whose youngest child is aged 3 years in 2006. Note that we cannot follow mothers over time in the cross-sectional LFS. 21 We acknowledge that this selection is to some extent endogenous. Alternatively, we selected those with the youngest child aged 1-2 years. The results are robust and available on request.
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In our sample, the majority of mothers who have more than one child have two children for at least the period we observe. 23 We also tested whether excluding big cities affects the results, and they remain unchanged.
Outcome variables
Our main measure of labour supply is employment status-whether a person is employedreported in the labour force survey based on contracted hours. Generally, in the Norwegian context, full-time work is 37.5 hours per week 24 . The LFS contains continuous variables for actual and contracted hours of work. Using actual hours is particularly important to measure labour supply of mothers with young children. Note that as long as a person is on job-protected (or paid) parental leave, the person is formally employed, and actual hours need to be measured in order to assess employment at the intensive margin. This is also because in Norway, parttime work is quite common and many women reduce actual hours of work post-child birth, but not necessarily contracted hours, given that within a certain period, people on parental leave have the right to reduce (actual) hours of work.
To measure labour supply more accurately at the intensive margin, we use both actual and contracted hours of work. We specify actual self-reported working hours as one outcome variable. This variable measures, at the individual level, total actual working hours during a typical working week, i.e. including overtime and excluding absence from work 25 . Based on actual hours, we generate our second outcome variable, an indicator variable for long hours, which we define as 18.5 hours per week (more than half the typical full-time work hours). This variable captures employment status at a higher level of intensity. In addition, we make use of contracted working hours. This variable captures the weekly number of working hours in the working contract. These four variables are the outcome variables that we analyse, and they provide us with a very detailed picture of labour market activity at both the extensive and intensive margins for our target group of mothers with young children
Individual control variables
We use the age of the mother, which is the age at the time they completed the survey, and years of completed education. In the survey, the educational level is reported in categories, which we 24 In the labour force survey, employed persons are persons aged 15-74 years who performed work for pay or profit for at least 1 hour in the reference week, or who were temporarily absent from work because of illness, holidays, parental leave, etc. 25 Note, persons absent from work are generally not included in the calculations of actual working hours per week. We top code actual weekly hours at 60 hours/week. then transformed into number of years of formal education 26 . We define marital status to distinguish those married from those single or divorced/widowed. We also use information on the number of children in the household. We count all children aged 16 years or younger to capture dependent children in the family. Following the literature on maternal labour supply, these individual characteristics are the commonly used variables determining female labour supply. To merge our data with municipality level information on childcare coverage, we also extract information on the mother's municipality of residence.
Childcare coverage
To construct the childcare coverage rate within a municipality in a given year, we extract information on the number of children with a childcare place from 1998 to 2009 and childbirths from 1995 to 2009 from the municipality registers. As a result, we can distinguish 448 municipalities. We then calculate the childcare coverage rate as the ratio of the number of childcare slots in a given year for children at a given age, say 1-2 years, to the number of children in the respective birth cohorts. Table 2 here   Table 2 provides summary statistics for the main sample and the three sub-samples measured in the pre-reform period 2001. Overall, we observe that the employment level is high. Column 1 reports the means for the main sample showing that the employment rate is 72 per cent, and that 55 per cent work longer than 18.5 contracted hours. Contracted hours at the mean are close to 22 hours per week. We see from the comparison of contracted and actual hours that on average, mothers with children aged 2 years and younger actually work fewer than their contracted hours (only 11 hours, including zeroes). The discrepancy is quite large and mainly reflects interruptions due to maternity leave when the worker is employed but not working, or 26 The category and years of schooling matches are as follows: "7 years" = "elementary 7 years of schooling"; "10 years" = "middle school 10 years of schooling"; "12 years" = "12 years of schooling, high school"; "13 years" = "13 years of schooling, higher level of high school"; "14 years"="technical college"; "16 years"="university and college"; "18 years"="higher university and college"; and "20 years"="researcher education". reduced hours of work during leave. It could in principle also be due to health reasons; however, this is less likely.
Summary statistics
We confirm this when we calculate the corresponding averages for the sub-sample of mothers, excluding those who report maternity leave in column 2; this group amounts to 74.1 per cent in our sample. Now the difference between contracted and actual hours decreases to 3 hours (18 contracted versus 15 hours of actual hours of work), compared with a difference of 11 hours in the main sample. It is likely that women on maternity leave do not reduce contracted hours compared with before childbirth, and since they are not working during maternity leave or reducing hours of work, this discrepancy arises. We now also see a lower probability of being employed, at 63 per cent. This means that there is a group of women not working following the expiry of job-protected parental leave.
In the empirical regression analysis, we run separate regressions on the main sample of mothers and the sub-group of mothers, excluding those on maternity leave. This allows for the fact that mothers still on maternity leave (paid or unpaid) may respond differently to the childcare reform. When we look at the summary statistics for mothers with more than one child, the means are quite similar, although employment, the incidence of long hours and both actual and contracted hours are slightly lower. This could reflect increasing time constraints before the childcare reform.
To look more closely at the distribution of contracted hours of work, we present categorical means in hour brackets. For example, for our main sample, the average weekly working hours for mothers who work low (less than 18.5) hours is 12.37 per week. Those who work more than 37.5 hours per week on average work 39.57 hours, reflecting average hours for full-time workers. There is not much difference between the main sample and the three subsamples in terms of the categorical means. The sub-samples where we exclude mothers on maternity leave tend to work slightly more than the groups including them. We observe quite large differences in the extensive margin between the sub-samples. For example, mothers without maternity leave options are less likely to work by 10 percentage points compared with those who have the maternity leave option; this difference remains for mothers with more children. It is noteworthy that mothers work quite long part-time hours, typically more than 18.5 hours overall. For those who work positive hours, around 85 per cent of mothers of young children work more than 18.5 hours, and 48.5 per cent work full time 27 . Beneath the summary statistics for the outcome variables, we report the means for the individual control variables. As 27 The shares of each hour category are not provided in Table 2. shown, the target group of women are on average 31 years of age, which is relatively young compared with the employed population. On average, they also have 14 years of education and 1.88 children, and hence, most have two children.
Empirical results
In Table 3 Table A2 . These reveal that the individual characteristics have the expected signs. Most coefficients are significant and capture part of the variation in the outcome.
For the main sample, we find a strongly significant effect of the reform on employment in the short term and a weak significant effect in the long term, and only a weak significant effect on contracted hours of work. The ITT effects for the outcome variables working long hours and actual hours are not significant. Hence, the strongest employment effects occur 1-3 years after the reform. This we may refer to as a phase-in effect when the reform started to unfold, and the percentage of children aged 1-2 years enrolled in childcare was starting to increase from a mean of 40 per cent, as shown in Figure 2 . The point estimate of the coefficient is not only more precisely estimated, but also somewhat larger in the short than in the long term.
In the short term, a 10 percentage point increase in childcare coverage increases mothers' employment by 2.47 percentage points from a base of 72 per cent, which is the pre-reform mean employment level in this group. This translates into a 3.4 per cent increase.
In the long term, the corresponding calculated effect is 2 percentage points. In addition, we find positive effects on contracted hours, but not on actual hours, are only significant at the 1 per cent level. The coefficient is 10.434 in the short term and 7.223 in the long term. This translates into a marginal increase of 1.04 hours per week, conditional on all hours, including zeroes, and 0.68 hours conditional on only positive hours, which amounts to a 2.2-4.7 per cent increase in the short term. Comparing the coefficients in the regressions for contracted and actual hours, we note that the point estimate of the short-term effect is more than double the size in the regression for contracted hours. Hence, the point estimate of the effect on contracted hours is larger but not very precisely estimated.
Overall, this yields strong evidence in favour of an expansionary effect on employment, which suggests that at least some women were induced to enter the labour market. The evidence is strong because we include all women that were potentially directly affected by the reform.
However, we include one group of mothers who are still on job-protected maternity leave and receive 80-100 per cent wage replacement through the government-mandated parental leave system 28 . Therefore, they are less likely to adjust labour supply at the intensive margin during this period. Hence, we may underestimate the effect on actual hours. The summary statistics in columns 1 and 2 in Table 1 , together with the first regression results, support this hypothesis.
Another hypothesis we explore is whether the responses are stronger for mothers with more than one child, for whom we have seen from the summary statistics that before the reform, they worked slightly fewer hours in terms of both actual and contracted hours. Table 4   Table 4 presents the results when we re-run the regressions on the three sub-groups of mothers 29 . In the first panel, we report the results when we exclude mothers on maternity leave.
We find significant effects on employment, strongly significant in the short term and less precisely estimated in the long term. Again, we find an effect on contracted hours in the short term that is only significant at the 1 per cent level. The new finding is that now the effect on actual hours is also significant, although only at the 1 per cent level. Comparing the size of the point estimates to the previous results in Table 3 , it is noteworthy that all of the coefficients are larger, and that the coefficients in the regression for actual hours increase from 3.99 to 12.81 in the short term. This is consistent with incentives induced by the institution of maternity leave. Mothers can take job-protected and paid parental leave. During this period, we do not observe any intensive margin adjustments in actual working hours; it is after this period we expect, if any, negative adjustments. This is confirmed by the sub-group estimates, where a 10 percentage point increase in childcare coverage increases actual hours of work by about 0.69 hours per 28 The LFS does not contain information on wages. We further explore whether the results change when we select on mothers with more than one child. A majority of these mothers may have completed fertility and may therefore respond more to the reform, thereby increasing the estimated effects. In the second panel of Table 4 , we report the corresponding regression results for the four outcomes. All of the coefficients remain large when we look at the regressions for employment, actual and contracted hours, but the significance of the effects shifts from the short-term period We also see strong effects in the long term on the actual hours of work. On the intensive margin and conditional on positive hours, the marginal effect of increasing the coverage rate by 10 percentage points is 0.66 actual hours per week, which implies a 2.5 per cent increase in weekly hours 31 . We also document an increase of 0.89 hours on weekly contracted hours, which is about a 3.1 per cent increase in the long term. Overall, this suggests that after the completion of fertility (that is, two children for most mothers), mothers readjust towards stronger labour force attachment at both the extensive and intensive margins. Interestingly, these effects take place long after the initiation of the reform.
Panel 3 reports the estimates when we also exclude mothers on maternity leave. The results largely confirm those found earlier, but the long-term effects are now strongly significant and even larger in magnitude based on the point estimates. The employment effects show that a 10 percentage point increase in childcare coverage increases employment by 3.2 percentage points, which is marginally significant, in the short term, and 4.6 percentage points, which is highly significant, in the long term. We also see stronger effects in the long term on actual weekly hours of work conditional on working, by almost 1 hour, or 3.6 per cent, for a 10 percentage point increase, as well as a significant effect on contracted hours by 1.1 hours, or 3.9 per cent, for a 10 percentage point increase.
Robustness check

30
This is a marginal effect assuming the effect is evaluated for positive hours only. The average positive weekly actual hours of work before the reform for this group was about 18 hours.
31
This is the marginal effect on working hours conditional on positive hours.
We present two sets of robustness tests supporting our results. First, we show that the reform does not affect fertility or the number of new-borns. This finding supports our interpretation that we identify the direct impact on the labour supply given the reform. Otherwise, we could hypothesize that some women became mothers because of the increased availability of childcare and the decreased opportunity cost of having children. Second, we test the core assumption underlying the consistency of our estimation strategy. Our interpretation of the results assumes that in the absence of the reform, mothers in low and high childcare coverage areas would have had parallel trends in the labour market outcomes. This is similar to the assumption of a common trend assumption for the treatment and control groups in a differencesin-differences estimation approach. To test this assumption, we run placebo estimations where we move the reform backwards. Table 5 here Table 5 reports the regression output when we use new births as an outcome for individual fertility. To measure the incidence of a new-born child in a given year for an individual, we use the age of the youngest child reported in the labour force survey 32 . This results in a dummy variable for each mother equal to one if there is a new baby born to the family in a particular year, and zero otherwise. We estimate the regression model as specified in eq. (1) and replace the outcome variable by the new-born indicator variable. We find that none of the coefficients, short or long term, are significantly different from zero. Hence, we reject the hypothesis that the reform had a significant effect on fertility.
33
This is reassuring for our results and their interpretation. Table 6 presents the placebo test results on the main estimation sample and the three sub-samples of mothers. We created a dataset that is extended backwards to 1998 and restricted the period to 1998-2001. 34 We then moved the date of the reform artificially back by 2 years, i.e. from 2002 to 2000. This yields an artificial pre-and post-reform period. We can then test whether there are any systematic differences in economic trends related to female labour 32 Note, there is no information on the occurrence of twins in the survey, so our new-born indicator does not reflect the situation where multiple children could be born in the same year to the same mother. We believe such instances are rare and do not reflect the rational fertility decisions of a mother, as twins are hardly planned.
The mean of the dependent variable is 0.023 in the pre-reform period which confirms that also the economic effect is close to zero.
34
This dataset covers only four periods and hence only a short pre-reform and post-reform period to estimate the short-and long-term effects. Extending the dataset back even further would run the risk of contaminating the estimated effects with other parental leave reforms before 1998. Clearly, this would violate the placebo results. markets in our treated communities (the municipalities with relatively low childcare coverage rates in 2001) and control communities (the municipalities with relatively higher childcare coverage rates in 2001). We generate a new variable that measures the childcare coverage rate within a municipality in 1998. We then define a new dummy variable equal to one if the year is 2000 and a new dummy variable equal to one if the year is 2001. The dummy variables are equal to zero if the period is 1998 or 1999. Table 6 reports the coefficients of the interacted variables that give the ITT estimates. The point estimates of all of the coefficients are relatively small and not significantly different from zero. Hence, we find no significant treatment effects across all specifications and sub-samples; we also find that the estimated effects are all quite small in magnitude. This is strong evidence supporting the parallel trend assumption. These robustness test results are reassuring for the causal interpretation of our main results.
Discussion
The results of our study provide strong evidence in favour of the positive maternal labour supply effects of universal childcare reform expanding childcare for 1-2-year-olds. We predominately find short-term effects of the reform for the immediate target group of mothers, that is, mothers whose youngest child is aged 2 years or younger. We also find long-term effects of the reform for mothers with at least two children. In more detail, for the entire target group, we find significant effects on maternal employment and weak evidence on upward adjustments of contracted hours in the short term for the large universal childcare reform. Surprisingly, we find no adjustments in actual hours, or transitions out of short periods of part-time work (i.e. less than 18.5 hours of work per week). As we show, these effects are relatively small and insignificant because some mothers are on paid maternity leave and job-protected leave. This is confirmed when we condition our estimates on not being on maternity leave, as the size of the effects increases on employment and contracted hours, but most remarkably, on actual hours of work.
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Our results showing significant and positive labour supply adjustments in response to a large childcare reform financed out of tax revenue are consistent with comparable studies that 35 This suggests that estimates based on contracted working hours give downward biased estimates because of measurement error. This measurement may be generally large for mothers with very young children and in institutional settings with rights to paid und unpaid parental leave. Measurement error problems are at least reduced by use of actual hours of work.
have analysed childcare reforms targeting the youngest children and documented positive effects on employment (Baker et al., 2008) and on employment and contracted hours (Goux and Maurin, 2010; Bettendorf et al., 2015; Nollenberger et al., 2015) . Accordingly, our results contrast with previous findings by Havnes and Mogstad (2011) showing that the childcare reform in Norway in 1975 targeting 3-6-year-olds had no significant effect on maternal employment. We interpret our results as evidence of a direct effect of childcare provision on maternal employment. We exclude that demand factors are driving these results because as we have shown in Table 1 , the creation of workplaces in the childcare sector seems quite small. In addition, as a test, we estimated the effect of the childcare reform on mothers whose youngest child is aged 3-6 years, where we would not expect any effect shortly after the reform. This is confirmed by the empirical results (results available upon request).
A question could be raised to as how the quantitative effects of our study compare with previous work. We find that a 10 percentage point increase in childcare increases employment by 2.6-3.2 percentage points in the short term, that is, the first 3 years after the reform. This is the range of estimates reported in Tables 3 and 4 In 1997, the government of Quebec introduced a subsidized universal childcare program to provide regulated childcare spaces to all children aged 0-4 years in Quebec at a parental contribution of C$5.00 per day. Children were eligible regardless of whether the parents were working. The program was phased in, starting with 4-yearolds in September 1997. Subsequently, 3-year-olds became eligible in September 1998, 2-year-olds in 1999, and children aged 0 and 1 in September 2000.
They estimate the ITT effect, as they estimate the reduced-form effect on all children, not only those using childcare. They estimate a 7.7 percentage point increase in employment in Quebec relative to the rest of Canada, which amounts to 14.5 per cent of baseline participation (57 per cent). This effect is for 4 years after the reform, which is close to what we consider the shortterm effect.
However, unlike our study, Baker et al. (2008) define the reform variable as a dummy variable, whereas we estimate a linear effect in the pre-reform coverage rate. Apart from this, the childcare situation in Quebec before the reform is quite similar to that in Norway. Before Baker et al. (2008) also show that crowding out or transitions from informal to formal care is taking place, but also that some enter childcare without the entry into work of the mother.
We show for Norway that before the reform, 40 per cent of children were enrolled in public childcare, but that 72 per cent of mothers with a youngest child aged 2 years or less were registered as employed. This suggests that informal care during ordinary working hours also played an important role before the reform, as well as possibly other flexible work arrangements and not-ordinary work 37 that enabled parents to jointly cover longer childcare hours. Baker et al. (2008) demonstrate a decline in informal childcare, in the parental or other home, through the Quebec reform.
Conclusion
This study provides supportive quantitative evidence that making childcare universally available for 1-2-year-olds leads to new entries of mothers into work, increased maternal employment overall and increases in the actual hours of work. We find for all mothers whose youngest child is 2 years or younger, strong evidence of new entries into work as a result of the 37 Not ordinary work is work outside the ordinary working hours, 6am to 6pm. reform. We also find positive effects at the intensive margin only for mothers after maternity leave, the period following the first year after childbirth, that is, they transition into longer actual hours of work. However, actual hours are adjusted more within the range of hours less than full-time hours. The effects are mostly initiated shortly after the reform. However, the subgroup of mothers with more than one child are also more responsive in the long term following the reform.
Effects on labour supply will arguably lead to increased individual income and tax payments by this group. Tax revenue by the government is crucial to finance public childcare.
The positive labour supply effects on both the extensive and intensive margins indicate that limited access to childcare is a constraint to parental, or more particularly, maternal employment. Hence, if childcare is not sufficiently available, government tax revenue will be lower because some mothers who are willing to work cannot because of their high opportunity cost. Overall, it seems surprising that responses in actual hours are not stronger and that we do not find evidence of the increased incidence of full-time work. This result may reveal that the institutional setting of maternity leave is likely to work as a disincentive to adjusting actual hours during maternity leave, along with contracted hours. Only after the job-protected leave do we find that mothers adjust hours. Other constraints or frictions may also exist that inhibit the ability of mothers to adjust hours upward. The time effects of the reform may also reflect a phase-in or short-term effects of the reform. It is noteworthy that the chances are increasing to 50 per cent and above to get a childcare place. This suggests that parents need high security in potential access to childcare to plan their labour market careers. This would be interesting to investigate further in other research.
These results speak to the policy debate about what the level of full childcare coverage should be to meet the demand by mothers who work or want to work. We find for a country with already high pre-reform female employment still remarkable positive effects on female employment through the expansion of childcare coverage from 40 to 80 per cent. In other words, productive female human capital in the market is increased through universal childcare reform. This demonstrates extra potential for other countries with low childcare coverage. Child care coverage rate Note: Standard errors are in parentheses and are clustered at the municipal level * p < 0.10, ** p < 0.05, *** p < 0.01.
